, were subjected to recognition studies with L and the control molecules. The studies were carried out by exciting the solutions at 285 nm and recording the fluorescence spectra in the range of 295-420 nm in methanol as well as in 1:1 aqueous methanol (SI 02). During the titration in methanol, the fluorescence intensity of L increases as a function of Cu 2+ addition (Fig. 1a) and shows about 7 fold enhancement and saturates around 2 equiv of Cu 2+ addition (Fig. 1b) (Fig. 1c) . Since aqueous solutions are of paramount importance in order to have a wide range of applicability of the receptor, similar titrations were carried out in 1:1 aqueous methanol and a $12 fold increase in the fluorescence intensity of L with Cu 2+ (Fig. 1b and c) was found though the saturation was found around 5-6 equiv. The observed enhancement in the fluorescence intensity can be explained to the reversal of PET when Cu 2+ binds to the nitrogens of pyridyl moieties. The binding constant of L with Cu 2+ was calculated by Benesi-Hildebrand equation and the corresponding association constant, K a was found to be 17,547 ± 1000 and 30,221 ± 1600 M
Fluorescence switch-on Calix[4]arene appended with bis-(2-picolyl)amine Nano structure a b s t r a c t Detections of cations, anions and molecular species are some of the challenging areas of current research relevant to the receptor design and development. Copper is one of the essential trace elements 1 L, viz., 5,11,17,23-tert-butyl-25,27-bis-((N,N-bis(pyridine-2-yl) , were subjected to recognition studies with L and the control molecules. The studies were carried out by exciting the solutions at 285 nm and recording the fluorescence spectra in the range of 295-420 nm in methanol as well as in 1:1 aqueous methanol (SI 02). During the titration in methanol, the fluorescence intensity of L increases as a function of Cu 2+ addition (Fig. 1a ) and shows about 7
fold enhancement and saturates around 2 equiv of Cu 2+ addition (Fig. 1b) (Fig. 1c) . Since aqueous solutions are of paramount importance in order to have a wide range of applicability of the receptor, similar titrations were carried out in 1:1 aqueous methanol and a $12 fold increase in the fluorescence intensity of L with Cu 2+ ( Fig ] clearly indicated the formation of the complex (Fig. 3a ) and the complex formed was found to be 1:1 based on Job's plot (Fig. 3b ) in both the solvent systems.
The 1:1 stoichiometry of the complex has been further supported based on the molecular ion peak observed at m/z value of 1189 in ESI MS titration (Fig. 3c) (Fig. 4) . The role of calix[4]arene platform and the pre-organized nitrogen core in the recognition process has been proven by studying fluorescence properties of the reference molecules ( , a molecular system that has only one strand of L without any calixarene platform, has been synthesized by using p-tert-butyl phenol as starting material instead of calix[4]arene (SI 01).
The structural features of the control molecule L 1 has already been reported by us. 12 The L 1 contains a methyl pyridine moiety instead of two pyridine moieties that were present in L. , and Cu 2+ exhibited a fluorescence quenching (Fig. 6a) . Though Cu 2+ exhibited a minimal fluorescence quenching of 2.8 fold, such minimal response is not sufficient enough to detect a particular M n+ ion and hence reflects on the lack of pre-organized binding core. The lack of calix[4]arene platform makes L 2 a non-selective molecule toward all the metal ions studied (Fig. 6b) . The results obtained from the control molecules suggest that a pre-organized hetero core is required for Cu 2+ binding. However, L contains two picolyl moieties and a calixarene platform that makes it suitable for selective binding. In order to understand the structural features of the 1:1 complex formed between L and Cu 2+ , computational calculations were carried out at HF/3-21G followed by HF/6-31G levels using GAUSSIAN 03 13 package. The computations were initiated by taking the coordinates of L from its crystal structure 14 and by replacing the tertbutyl moiety by a hydrogen atom to result in L 0 . The L 0 has been optimized at both HF/3-21G and HF/6-31G before carrying out the computation for the complex (SI 05.). Even the DFT level computations carried out with 6-31G basis set exhibited same conformation as that obtained at HF/6-31G level. Computations for the complex species have been initiated by placing the Cu 2+ at a non-interacting distance that is well above the pyridyl core of the derivative and optimized at HF/3-21G level and the output from this has been taken through HF/6-31G. Based on these calculations it has been found that the formation of the complex has been accompanied by an energy stabilization of À422.8 kcal/mol at HF/6-31G. The optimization brought the N 4 core of the pyridyl moieties in L 0 into the coordination range ( Fig. 7a and b ) and resulted in a tetra-coordinated Cu 2+ center where all the four pyridyl moieties were involved in binding. The coordination of Cu 2+ center is highly distorted tetrahedral where the angles range from 89°to 128°that is very much similar to that observed for the same in blue copper proteins, viz., plastocyanin ( Fig. 7c and d) . Such highly distorted tetrahedral center observed for Cu 2+ in blue copper proteins has been interpreted to the ease with which the protein could fulfill the coordination requirement for Cu 1+ during the electron transfer process. Further, in order to confirm the structural changes that exist at nano level between the receptor L and its Cu 2+ complex, studies were carried out by scanning electron microscopy (SEM) and atomic force microscopy (AFM). While L shows rod-like structure of length varying from 4 to 20 lm, its Cu 2+ complex shows a smooth surface of smaller particles (1-2 lm) of irregular shape though these are approximately closer to spherical ones (SI 06). AFM of L shows spherical particles of three different sizes (Fig. 8) . While the smallest one has a size of 37 nm and a height of 4 nm, the medium-and large-sized particles are exactly double and triple to this, respectively, indicating that the smallest unit shows little aggregation. 
